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Abstract
Weaning from mechanical ventilation is a common process in critically ill 
patients and its failure is related to worsening outcomes. A better understanding of 
the subject is necessary to change these unfavorable results. This chapter will review 
the approach to weaning from mechanical ventilation in special groups of critically 
ill patients. The chapter will also review the causes of failure to wean from MV 
along with strategies for improving evaluation and approach of the patient with dif-
ficult and prolonged weaning from mechanical ventilation. Therefore, the presence 
of this topic in a book on mechanical ventilation is fundamental and relevant.
Keywords: critical illness, intensive care unit, respiratory failure, mechanical 
ventilation, mechanical ventilator weaning
1. Introduction
Mechanical ventilation (MV) is a lifesaving intervention in critically ill patients. 
MV is commonly used for postoperative respiratory failure, trauma, pneumonia, 
sepsis, heart failure (HF), chronic obstructive pulmonary disease (COPD) and 
acute respiratory distress syndrome (ARDS) [1, 2]. After the condition that caused 
the use of MV improves, the process of removing invasive ventilatory support 
begins, which is called weaning from MV [3, 4]. The MV weaning process is crucial 
and frequent in the critically ill patient’s recovery. Almost 50% of the total duration 
of MV is dedicated to weaning patients [3]. However, some patients may fail to 
wean from MV despite all criteria in a planned extubation. This extubation failure is 
reported in around 10–20% of critically ill patients and, consequently, this wean-
ing failure group has a high mortality when compared to patients who successfully 
weaned from MV [5–9].
The MV weaning and failure process have been studied since the 70s and 80s 
[10–13]. Milic-Emili questioned that the MV weaning performed in this period 
was more based on art than science because there were few scientific studies on the 
topic [14]. Studies in subsequent decades evaluated the best ventilatory mode to 
perform weaning from MV as well as predictors of weaning from MV [15–19]. After 
advances in the study of MV weaning, guidelines were formulated establishing 
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better criteria for evaluating the weaning process [20, 21]. Despite this, there are 
still different ways to practice MV weaning among intensive care units (ICU) in 
different countries, suggesting the need for more studies on the topic [4].
This chapter aims to review the weaning from MV in special subgroups. How to 
evaluate and to manage MV weaning will be discussed.
2. Weaning from mechanical ventilation in special groups
The cause of weaning failure may be related to individual or associated  
dysfunctions (respiratory, muscular, cardiac, neurological, endocrine, metabolic 
and iatrogenic). However, understanding the pathophysiology of MV weaning 
failure can be complex in some cases and it is not always fully understood, mak-
ing its treatment difficult (Figure 1). When a patient does not pass a weaning 
trial, structural evaluation could help to identify factors that played a role in that 
specific patient. Moreover, it is important to know and to understand peculiarities 
of some critical patient subgroups in order to achieve more successful weaning. 
The Table 1 summarizes the main characteristics, assessment and management of 
the main groups of patients in the process of weaning from mechanical ventilation 
admitted to an ICU.
2.1 Chronic obstructive pulmonary disease
In COPD patients, the weaning process is more difficult, prolonged and has 
higher failure rates than general populations. The higher failure rates in COPD 
patients can be attributed, at least in part, to the underlying pathophysiology of the 
disease. In COPD patients with acute respiratory failure, dynamic hyperinflation 
and the generation of intrinsic PEEP are the main factors that causes increased 
intrathoracic pressure, which lead to increased work of breathing, MV-induced 
injury, asynchrony, dyspnea, hemodynamic worsening, in addition to MV 
dependence and weaning failure [22]. In this population, the use of prophylactic 
non-invasive ventilation (NIV) after extubation is also recommended, considering 
this group of patients is at high risk of failure. The use can be extended to immedi-
ate extubation for NIV of COPD patients who have failed T-tube spontaneous 
Figure 1. 
Aspects of mechanical ventilation weaning failure.
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Group Characteristics Assessment and Management
COPD Higher weaning failure and MV 
dependence
Dynamic hyperinflation and intrinsic 
PEEP
Extubation for NIV
Heart Failure Increased left ventricular preload 
which afterload with reduction of the 
left ventricular ejection fraction
Electrocardiogram and an echocardiography
Collecting a pro-brain N-terminal natriuretic 
peptide/central venous blood gas SvO2
Medications can also be used to optimize 
ventricular function – inotropic
Volume overload should be adjusted - diuretics
Extubation for NIV to maintain a PEEP
Neurological 
Dysfunction
Reduction in the level of consciousness 
did not impede successful extubation
Ability to handle secretions and airway 
protection are relevant
Daily screening to assess MV weaning
CAM-ICU
Performing non-pharmacological and 
pharmacological measures for delirium
Neuromuscular 
Diseases




Diaphragmatic muscle weakness can 
also impair weaning
Avoiding exposure to medications and 
hyperglycemia
Motor rehabilitation
ARDS The dangerous of excessive 
spontaneous ventilation with higher 
respiratory demands and loss of the 
protective-ventilation strategy
Increased lung volumes, higher 
respiratory drive, breath stacking, 
pendelluft and patient-ventilator 
asynchrony
Evaluation of MV weaning does not differ from 
others patients
Caution in the higher respiratory patients 
demands and its ventilatory repercussions
Obesity The large weight on the rib cage can 
causes alveolar collapse











Discussion of treatment goals
Others Care Conditions for Weaning Progress:
• Adequate neurological status
• Ability to cough and to manage 
respiratory secretions
• Improvement of oxygenation
• Hemodynamic stability
Use of protocols for weaning MV
Daily screening for weaning with predictors
Use of NIV in ICU patients at high risk for 
reintubation
HFNC reduces the ventilatory work by supplying 
the demand and reversing the hypoxemic 
through of a high airflow therapy
Cuff Leak Test: high risk of post-extubation 
stridor (traumatic intubation, prolonged 
intubation, large endotracheal tube, high 
cuff pressures, women and reintubation after 
unplanned extubation)
Systemic corticosteroids recommended to 
patients with fail the cuff leak test
Weaning Failure Causes: respiratory, muscular, 
cardiac, neurological, endocrine, metabolic and 
iatrogenic
Legend: MV, mechanical ventilation; NIV, non-invasive ventilation; CAM, confusion assessment method; HFNC, 
High-flow nasal cannula; COPD, chronic obstructive pulmonary disease; PEEP, positive end-expiratory pressure; 
ARDS, acute respiratory distress syndrome.
Table 1. 
Weaning from mechanical ventilation in special groups.
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breathing trial (SBT), with evidence of reduced length of stay in the ICU, nosoco-
mial pneumonia and 60-day mortality, when compared to those weaned through 
invasive pressure support ventilation. These findings were corroborated by a recent 
meta-analysis [22, 23].
2.2 Heart failure
SBT causes spontaneous respiratory movements, which generate negative 
pressures and consequently hemodynamic repercussions. Negative intrathoracic 
pressures cause increased left ventricular (LV) preload which increases LV afterload 
and, ultimately, reduces left ventricular ejection fraction. This reduction in ejection 
fraction during an SBT can precipitate or worsen heart failure. Thus, if there are 
volume overload or systolic or diastolic left ventricular dysfunction, SBT can cause 
cardiorespiratory decompensation with pulmonary edema, reduced oxygen trans-
port and insufficient cardiac output [24]. Furthermore, SBT can cause or worsen 
myocardial ischemia as a result of reduced left ventricular compliance, pulmonary 
edema and/or increased respiratory effort. To assess a possible cardiac dysfunction 
as a cause of weaning failure, it is suggested to perform an electrocardiogram and 
an echocardiography, in addition to collecting a pro-brain N-terminal natriuretic 
peptide and a central venous blood gas measuring SvO2.
An accurate diagnosis of the mechanism of cardiac dysfunction is needed to 
better guide therapy. In difficult-to-wean patients, additional medications can also 
be used to optimize ventricular function [24, 25].
Volume overload should be adjusted before performing a SBT because it has 
been associated with worse weaning outcomes [24]. It can be treated with diuretics 
or hemodialysis and after that, direct extubation for NIV can be used in order to 
maintain a positive end-expiratory pressure. When there is evidence of heart pump 
failure, reduction in afterload and/or use of inotropic agents (such as dobutamine 
or milrinone) may be considered. Furthermore, the improvement in pulmonary 
mechanics itself will improve cardiac performance by reducing the afterload of the 
left ventricle [24].
2.3 Neurological dysfunction
The decision to extubate comatose neurocritical patients is complicated. 
Previous studies have shown that the reduction in the level of consciousness is a 
good predictor of extubation failure [26]. Coplin et al. have challenged common 
sense showing that patients with a Glasgow Coma Scale (GCS) 8 did not impede 
successful extubation [27]. Moreover, the delayed extubation in this population was 
related to more ventilator-associated pneumonia (VAP) and longer intensive care 
unit and hospital stays [28, 29]. Also, according to the study by Coplin et al., the 
professional should avoid prolonged intubation when the level of consciousness is 
the only reason to maintain MV. Navalesi et al. demonstrated that a daily screening 
to assess MV weaning is recommended for patients with neurological diseases to 
reduce the duration of MV [30]. Strategies that include protective ventilation, early 
enteral nutrition, standardization of antibiotic therapy for nosocomial pneumonia, 
and systematic testing to assess readiness for extubation showed an association with 
a reduction in MV time in brain injured patients [31].
There are still other concerns about the neurological status of patients able 
to wean from MV. A study has shown that the change in cognitive function had 
been associated with a four times greater risk of unsuccessful extubation [32]. The 
ability to handle secretions and airway protection is also a relevant issue. In addi-
tion, the causes of acute brain dysfunction in difficult-to-wean patients should be 
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considered, such as delirium, which is very common. The CAM-ICU can be a good 
tool to assess delirium in intubated ICU patients and performing non-pharma-
cological and pharmacological measures can help in symptomatic management. 
Improving hospital environments, for example, with poor noise and ICU-beds 
near to windows, besides frequent reassurance, touch, verbal orientation and 
family members presence can improve delirium symptoms [33]. Furthermore, it is 
important treating potential causal factors such as pain, constipation, infection and 
withdrawal of precipitating medications such as benzodiazepines and others [25]. 
In case of hyperactive delirium unresponsive to non-pharmacological measures, 
antipsychotics can be used for symptomatic management. Although there are no 
clinically significant differences between the classes of antipsychotics, haloperidol 
is one of the most used and studied.
2.4 Neuromuscular diseases
Weaning from MV requires adequate neuromuscular activity to overcome the 
impedance of the respiratory system and maintain adequate alveolar ventilation 
to eliminate carbon dioxide and ensure a metabolic balance. For this to happen, a 
generation of the stimulus by the central nervous system, adequate transmission via 
spinal respiratory motor neurons, respiratory muscles and neuromuscular junctions 
are necessary. Modifications anywhere of this complex system can contribute to 
MV weaning failure. Peripheral neurological alterations can also be the cause of 
weaning failure. Neuromuscular alterations are relatively common, being reported 
in up to 62% of patients in some studies [34]. Primary neuromuscular disturbance, 
such as Guillain-Barré syndrome, myasthenia gravis and motor neuron diseases, are 
usually diagnosed prior to intubation. Occasionally new diagnoses will occur as the 
difficulty of weaning from MV develops and is investigated.
In the ICU, the most common is secondary neuromuscular diseases, especially 
muscle weakness acquired in the ICU. It is a pure axonal disease, affecting mainly 
the peripheral nerves and muscles, symmetrical and bilateral and predominantly 
proximal. Prevalence between 50 and 100% is estimated in studies and is associated 
with disease severity, multiorgan dysfunction, exposure to corticosteroids, hyper-
glycemia and prolonged ICU stay [35–38]. Diaphragmatic muscle weakness can also 
impair weaning and its assessment can be challenging at the bedside, as the tests are 
either invasive and/or depend on the patient’s ability to understand and to cooper-
ate. There are studies that demonstrate an association between ICU-acquired muscle 
weakness and longer weaning duration or failure [34, 39–41]. Diaphragmatic 
muscle weakness can also impair weaning and its assessment can be challenging at 
the bedside, as the tests are either invasive and/or depend on the patient’s ability 
to understand and to cooperate. There are studies that demonstrate an association 
between ICU-acquired muscle weakness and longer weaning duration or failure.
2.5 ARDS
In the early stages of MV in patients with acute respiratory distress syndrome 
(ARDS), the use of protective-ventilation strategies is recommended, as well as the use 
of neuromuscular blockers, prone position and extracorporeal membrane oxygenation 
(ECMO) in more severe cases [42]. However, during weaning from MV in patients 
with ARDS, this protective-ventilation strategy may be lost, mainly due to the influ-
ence of spontaneous ventilation with higher respiratory demands [43]. The increased 
lung volumes, higher respiratory drive, breath stacking, pendelluft and patient-venti-
lator asynchrony besides to delirium and ICU-acquired paresis may influence weaning 
from MV and should be considered in the assessment of patients with ARDS [44].  
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In addition, the use of the arterial-to-inspired oxygen (PaO2/FiO2) ratio to demon-
strate improvement in hypoxemia, does not always translate into improvement in 
inflammatory response and weaning success [45]. Then, the premise for the beginning 
of weaning from MV based on PaO2/FiO2 ratio (resolution or improvement of the 
cause that led the patient to MV) is not always a good predictor to weaning success. 
Moreover, the management of MV weaning in these patients through consensus 
on weaning from MV generally does not include this specific group of patients [20, 
21, 46]. Studies have shown that a greater proportion of patients have difficult and 
prolonged weaning when compared to the general ICU population [29, 47]. Therefore, 
regarding current knowledge, the evaluation of MV weaning does not differ in general 
from other patients. However, this subgroup has a particular pathophysiology that can 
influence and delay the evolution of the withdrawal of invasive ventilatory support.
2.6 Obesity
Obese patients, with a body mass index (BMI) > 30, have specific problems 
during MV. The large weight on the rib cage can cause alveolar collapse in some 
conditions and gravity can influence pulmonary mechanics [48]. In a study of obese 
patients with ARF, mortality was reduced by 50% when the choice of PEEP was 
guided with an esophageal catheter (EsoC) and electrical impedance tomography 
(EIT) [49]. During the process of weaning of MV is crucial to pay attention to the 
work of breathing, because the increased negative pleural pressure in these patients 
can led to a compression of the diaphragm in to the rib cage and can induce atelec-
tasis in patients with muscle weakness [49]. Therefore, obese patients may benefit 
from higher PEEP during the pre-extubation period, making pleural pressure more 
positive and preventing alveolar collapse [50]. After extubation, positive pressure 
in the smaller airways can be maintained through by NIV, preferably in a sitting 
position, to avoid abdominal cavity compression of the diaphragm and inducing 
collapse by undermining the mechanics of the rib cage [51].
3. Prolonged weaning and some considerations
Prolonged weaning concerns about 10% of critically ill intubated patients and 
is associated with a high mortality [19, 27, 52]. Patients with prolonged weaning 
are associated with chronic critical illness [53]. The multidisciplinary rehabilita-
tion group is very important to treatment [54]. Physical therapy will be very 
important to assess the patient’s tolerance and exercise. Swallowing dysfunction 
can complicate the extubation process and its evaluation is essential for the return 
to normal eating habits [55]. Short daily cuff down trials with a speaking valve are 
performed to induce vocal cords to exert their original function during expiration. 
Tracheostomy may be considered as a useful adjunct for easier care of the patient, 
especially for mobilization and better comfort [56, 57]. A randomized controlled 
trial suggested that tracheostomized patients were more rapidly separated from the 
ventilator by repetitive T-tube trials than with a gradual reduction of PSV without 
influencing survival at 12 months [58]. Assessment with the patient and family 
should address explicit discussion of realistic versus futile treatment goals [59].
4. Future perspectives
More recently, tools such as ultrasound, EsoC and EIT have helped to predict 
MV weaning. The EsoC can be useful in the objective assessment of respiratory 
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effort, estimating transpulmonary pressure and autoPEEP [60]. On the other hand, 
ultrasound can be useful in providing information through visual assessment and in 
obtaining objective measurements of cardiorespiratory variables at different stages 
of weaning. A study by Haji et al. showed that loss of pulmonary aeration and left 
ventricular diastolic dysfunction are more frequent in patients who fail extubation 
[61]. Additionally, several studies have shown that the use of the EIT can help to 
evaluate weaning from MV. Bickenbach et al. and Lima et al. showed loss of recruit-
ment and lung homogeneity during SBT [62, 63]. Studies in specific populations, 
such as patients with COPD, are ongoing and partial results indicate that those who 
fail the SBT ventilate more the anterior lung regions [64].
5. Conclusions
The weaning from MV in critically ill patients is a common and fundamental 
process in the ICU. The understanding the withdrawal of invasive ventilatory 
support and identifying possible causes of weaning failure are essential. The use of 
SBT trial and predictors guide weaning from MV. Some subgroups should be better 
valued to better individualize MV weaning and avoid reintubation associated with 
worse outcomes.
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